The biomagnification of polychlorinated biphenyls (PCB), toxaphene, and the DDT family of metabo-
lites was investigated in the epibenthic Mysis relicta (mysid), the benthic Pontoporeia hoyi (amphipod), plankton, particulate flux, surficial sediments, and Myoxocephalus thompsoni (deepwater sculpin) in southeastern Lake Michigan. DDE was the most strongly biomagnified compound, increasing 28.7 times in average concentration from plankton to fish. PCB increased 12.9 times in average concentration from plankton to fish while toxaphene increased by an average factor of 4.7. Particle flux was comprised of lower chlorinated PCB homologues (average chlorine number = 3.8) than the biota (4.5-5.0) and sediments (4.6), possibly reflecting strong influences from atmospheric deposition and/or zooplankton egestion. The percent of higher chlorinated PCB homologues (5 and 6 chloline atoms per PCB molecule) increased from 54-56% of the total PCB in plankton and M. relicta, to 61% in P. hoyi, to 74% in sculpins. Amphipods contained greater concentrations than mysids of PCB, DDT residues, and toxaphene, possibly reflecting differences in habitat (benthic vs epibenthic) and diet (detritus vs plankton). Based on estimates of average areal biomass and contaminant concentration, offshore Lake Michigan P. hoyi populations contain approximately 15.0 times as much toxaphene, 9.5 times as much total DDT, and 12.0 times as much PCB as the offshore M. relicta populations. Thus, amphipods may represent a greater reservoir than mysids for contaminant storage and subsequent recycling in offshore Lake Michigan. Certain classes of organic contaminants are highly persistent and continue to be of environmental concern years after production bans have been implemented. Polychlorinated biphenyls (PCB), the DDT (dichloro-diphenyltrichtoroethane) family of residues, and toxaphene (a complex mixture of polychlorinated terpenes) are familiar examples of such compounds which are of continuing concern in regions such as the Laurentian Great Lakes (Hallett 1988). These compounds continue to enter the Great Lakes where they are bioconcentrated by the biota and biomagnified through successively higher trophic levels. Contaminants also become associated with sinking particles, eventually reaching the lake floor. Some contaminants may re-enter the water column with resuspension and through food web pathways. Of particular relevance to this paper, is the distribution and potential recycling of PCB, DDT residues, and toxaphene through benthic-based food webs. This paper presents the results of a study investigating PCB, DDT (and its metabolites), and toxaphene body burdens in the mysid Mysis relicta and the amphipod Pontoporeia hoyi, their potential food, and a major fish predator at a 97-m deep station in eastern Lake Michigan. In addition, data are presented on the average chlorine number of the PCB homotogues in these various ecosystem compartments. Finally, the relative roles of amphipods and mysids in contaminant biomagnification and recycling were investigated.
Materials and Methods

Field Methods
The organic-contaminant study was conducted in 1982 as part of a larger study investigating particle flux dynamics. With the exception of the particle flux samples (see below), all other samples for organic-contaminant analysis were collected in April, Jane, August, and September 1982. All collections were made at a single, 97-m station located approximately 20 km offshore of Grand Haven, Michigan. This station has been the site of many ecological investigations (Evans et aL 1982; Evans and Landrum 1989) .
Mysids were collected at dusk by towing a 1024 lzm mesh net vertically through the metalimnion. Mysids were sorted into three size categories; 7-10 mm, 10-14 mm, and >14 mm. Plankton, representing the mysid diet, was collected by hauling 156-l~m and 76-~m mesh, 50-cm diameter nets vertically through the upper 50 m of the water column. Sediment and P. hoyi were collected in August and September. A PONAR dredge was used. The surficial layer (upper 2 cm) of sediment, representing the amphipod diet, was subsampled. Amphipods were gently sieved from the remaining sediment.
Deepwater sculpins (Myoxocephalus thompsoni) were sampled in June, August, and September. Fish were collected with a semi-balloon, nylon otter trawl equipped with a 4.9 m headrope and 5.8 m footrope. The body and codend of the trawl were composed of 1.6cm-bar mesh. All biological (plankton, mysids, amphipods, fish) and surficial-sediment samples were placed in solvent-rinsed mason jars and immediately frozen.
Sediment traps were used to collect particle flux samples at 20, 30, 40, 80, and 95 m depth for organic contaminant analysis. Traps were 10 cm in diameter and 50 cm long. A funnel placed at the bottom of each trap channelled particles into a sampling bottle containing either chloroform or mercuric chloride; the latter were added to retard decomposition: there were no significant differences in contaminant concentration nor composition between mercuric chloride and chloroform-preserved samples. Traps were deployed for one-month intervals between April and October. Samples collected between June and September were combined for each of the five depths to characterize contaminant flux during summer at each of the five depths.
Sediment trap samples were analyzed for two reasons. First, because particle flux is largely composed of detritus and resuspended minerals (Evans, unpublished data), flux samples provide a second estimate (in addition to surficial sediments) of the organic contaminant component of the amphipod diet. Second, particle flux represents the major pathway by which organic contaminants entering the lake surface are transported to the lake floor.
Laboratory Methods
were conducted. Mass spectrophometric analysis was a standard confirmation procedure employed during the batch run of samples collected during this and related contaminant studies.
Polychlorinated biphenyls were quantified by the method described by Rice and White (1987) , a modification of the technique proposed by Webb and McCall (1973) and refined by Sawyer (1978) . The Sawyer method for packed-column quantification is based on the application of peak-specific response correction factors and ultimately allows for total PCB homologue characterization. The Rice and White modification improves Sawyer's response correction factors by correcting for peak overlap. Application of these response factor corrections assumes that the relative proportions of PCB homologues are the same as in standard PCB mix, i.e., that PCB homologue composition was not altered due to weathering. This assumption probably is incorrect. To investigate the significance of this, an error analysis was performed for the correction factors developed for regions of peak overlap. Assuming the worst case, i.e., a 100% error in the assignment of area to one or the other peak, resulted in an approximate error estimate of only 20% for total peak area: the actual error was probably much smaller.
Average chlorine numbers were calculated by dividing the sum of the products of homologue concentration times the homologue chlorine number (1-10) by total PCB concentration using the following equation: where Ci = concentration of the homologue with i substituted chlorine atoms C1 i = number of chlorine atoms in the i th homologue.
Contaminant concentrations are expressed in terms of txg/g dry weight. Because sculpins were not freeze-dried, contaminant concentrations were initially calculated in terms of wet weight. These values were converted to dry weight by assuming that sculpins were 80% water (M. Simmons, University of Michigan, personal communication).
Except for sculpins, all samples were prepared for extraction by freeze drying. Samples were lyophilized in the side arms of the freeze drier's main lyophilization chamber. The possible loss of the volatile contaminant constituents during freeze drying was investigated by placing two soft polyurethane foam plugs in the sidearm prior to sample freeze drying. Subsequent chemical analysis of the plugs (following sample freeze drying) confirmed that no significant volatilization loss of contaminants had occurred during lyophilization. Moreover, contaminant recoveries averaged greater than 70% through all of the sample cleanup and subsequent fractionations. Replicate analyses had a relative error of less than 25%.
The resulting lyophilized samples were ground with a mortar and pestle, and extracted for 16 hr in a microsoxhlet apparatus with petroleum ether: sculpins, which were not lyophilized, were homogenized in a blender. A 5 g subsample (from each sample) was mixed with 20 g NazSO 4 and extracted with a hexane-acetone mixture (50:50) for 24 hr in a Soxhlet apparatus. Coextractable interferences were removed from the extracts by alumina column chromatography (Evans et al. 1982) . PCB and pesticides were fractionated by silicic acid (Evans et al. 1982) and were analyzed with a Varian 3700 gas chromatograph equipped with an electron-capture detector. PCB was separated on a 2 m column packed with 5% SP-2100 on 100/120 Supelcoport| PCB Aroclors | 1242 and 1254 provided the best match with the PCB mixture found in the samples and were used for quantification. Pesticides (p,p'-DDT, p,p'-DDE, p,p'-DDD, and toxaphene) were resolved with a 50 m SE-54 capillary column. This instrument was not available when the PCB analyses Contaminant turnover rate (yr-1) also was compared for offshore P. hoyi and M. relicta populations. Contaminant turnover occurs through two processes. The first is the direct chemical elimination (K) of the compound. The second is through biomass turnover (P/B) and includes considerations of organism growth and mortality. Over the long-term, where both elimination and growth take place, contaminant elimination rates are the sum of instantaneous growth rate (estimated by P/B) and K (Pentreath and Jefferies 1971). K provides a lower estimate while the sum of K and P/B provides an upper estimate of contaminant turnover rate.
Estimates of K are based on laboratory studies conducted by Evans and Landrum (1989) . For the purposes of these calculations, it is assumed that their estimates of DDE elimination are representative of that for total DDT: this is reasonable given the fact that
